INTRODUCTION
============

Stroke is third most common cause of death following heart attack and cancer in the major industrialized countries. Cerebral ischemia is caused by reduced cerebral blood flow due to a transient or permanent cerebral artery occlusion ([@b18-jer-12-2-69]). Ischemic injury in the brain leads to neuronal cell death, and eventually causes neurological impairments ([@b1-jer-12-2-69]; [@b17-jer-12-2-69]). Pyramidal neurons in the hippocampal CA1 region are particularly vulnerable to ischemic injury ([@b25-jer-12-2-69]).

Apoptosis is an important mechanism leading after cerebral ischemia. Apoptosis, programmed cell death, is an ATP-dependent physiological process, which is important for tissue homeostasis and pathological conditions. Nevertheless, inappropriate or excessive apoptosis has been implicated in several neurogoical disorders ([@b14-jer-12-2-69]; [@b17-jer-12-2-69]). Terminal deoxynucleotidyl transferase-mediated dUTP nick end labeling (TUNEL) assay detects the characteristic of apoptotic cell death, DNA fragmentation ([@b6-jer-12-2-69]). Another important characteristic of apoptosis is caspases activation. Caspase-3 is one of the most widely studied caspases, and it is a key executor of apoptosis ([@b4-jer-12-2-69]). Besides caspases, the Bcl-2 family proteins also play important roles in regulation of apoptosis. The Bcl-2 family proteins are classified into antiapoptotic proteins, including Bcl-2 and Bcl-XL, and pro-apoptotic proteins, such as Bax and Bid. The balance between pro-apoptotic and antiapoptotic Bcl-2 family members determines the mitochondrial response to apoptotic stimuli ([@b28-jer-12-2-69]).

Several factors, such as genes, neurotransmitter, and neurotrophins, have been suggested to be involved in the dysfunction of memory and cognitive function following brain insults. Among them, brain-derived neurotrophic factor (BDNF) is a small dimeric protein and works through high affinity binding with its receptor, tyrosin kinase B (TrkB). BDNF modulates neuronal growth and survival, and BNDF is implicated in learning and memory processes. Especially, BDNF is considered to be implicated in the pathophysiology of several brain injury patients ([@b10-jer-12-2-69]; [@b24-jer-12-2-69]). Reduction of BDNF level in the hippocampus impairs learning and memory performance in animals ([@b13-jer-12-2-69]; [@b22-jer-12-2-69]).

Cordyceps, the name given to the fungi on insects, has abundant useful natural products with various biological activities. Many bioactive constituents in the Cordyceps, such as polysaccharides, cordycepin, mannitol, aminophenol, and ergosterol have been reported ([@b30-jer-12-2-69]). Chemical constituents extracted from Cordyceps have various pharmacological actions, including nephroprotective, hepatoprotective, anti-inflammatory, antioxidative, and antiapoptotic effects ([@b8-jer-12-2-69]; [@b29-jer-12-2-69]; [@b31-jer-12-2-69]).

Functional roles of the Cordyceps have widely been documented, however the effects of Cordyceps on memory deterioration and apoptotic neuronal cell death induced by cerebral ischemia have not been reported. In the present study, we investigated the effects of Cordyceps on short-term memory, neuronal apoptosis, and cell proliferation in the hippocampal dentate gyrus following transient global ischemia in gerbils. For this study, a step-down avoidance test, TUNEL assay, immunohistochemistry for caspase-3 and 5-bromo-2′-deoxyuridine (BrdU), and western blot for Bax, Bcl-2, BDNF, and TrkB were performed.

MATERIALS AND METHODS
=====================

Preparation of aqueous extract of Cordyceps
-------------------------------------------

Cordyceps was supplied from GCordy (Seoul, Korea). To obtain the aqueous extract of Cordyceps, 50 g of Cordyceps was added to distilled water, and extraction was performed by heating at 90°C for 2 hr, concentrating with rotary evaporator (Eyela, Tokyo, Japan) and lyophilizing by a drying machine (Eyela) for 24 hr. The resulting powder, weighting 11.5 g (yield of 23%) was diluted to the concentrations needed with autoclaved distilled water and filtered through a 0.45-μm syringe filter before use.

Animals and treatments
----------------------

Adult male Mongolian gerbils (14 weeks old) were used in this experiment. The experimental procedures were performed in accordance with the animal care guidelines of the National Institutes of Health (NIH) and the Korean Academy of Medical Sciences. The gerbils were housed under controlled temperature (23°C±2°C) and lighting (08:00 a.m. to 20:00 p.m.) conditions with food and water available *ad libitum*. The animals were randomly divided into the following five groups (n=10 in each group): sham-operation group, cerebral ischemia-induced group, cerebral ischemia-induced and 0.001-mg/kg Cordyceps-treated group, cerebral ischemia-induced and 0.01-mg/kg Cordyceps-treated group, and cerebral ischemia-induced and 0.1-mg/kg Cordyceps-treated group. All gerbils received 50-mg/kg BrdU (Sigma Chemical Co., St. Louis, MO, USA) intraperitoneally once a day for 3 consecutive days, starting one day after surgery. Gerbils in the Cordyceps-treated groups received Cordyceps orally once a day for 14 consecutive days, starting one day after surgery. Gerbils in the sham-operation group and in the cerebral ischemia-induced group received an equal amount of distilled water for the same duration.

Induction of transient global ischemia
--------------------------------------

Transient global ischemia was induced with a previously described surgical procedure ([@b14-jer-12-2-69]). In brief, gerbils were anesthetized with Zoletil 50 (10 mg/kg, intraperitoneally; Vibac Laboratories, Carros, France). Following bilateral neck incisions, both common carotid arteries were exposed and occluded with aneurysm clips for 7 min. The clips were then removed to restore cerebral blood flow. Body and rectal temperature was maintained at 36°C±0.5°C during surgery using Homeothermic Blanket Control Unit (Harvard Apparatus, Massachusetts, MA, USA) that enveloped the body and the head. After recovery, the animals were monitored for an additional 2 hr to prevent hypothermia. The animals in the sham-operation group were treated identically, except that the common carotid arteries were not occluded after the neck incisions.

Step-down avoidance test
------------------------

The latency time of the step-down avoidance test was determined to evaluate short-term memory, using a previously described method ([@b14-jer-12-2-69]). Gerbils were trained in a step-down avoidance test 13 days after cerebral ischemia inducing operation. Two hours after training, the latency (sec) of the animals in each group was determined. Gerbils were placed 7×25-cm platform 2.5 cm high. The platform faced a 42×25-cm grid of parallel 0.1 cm-caliber stainless steel bars spaced 1 cm apart. In training sessions, the animals received 0.5 mA, scramble foot shock for 2 sec immediately upon stepping down. The interval of gerbils stepping down and placing all four paws on the grid was defined as the latency time. Latency over 300 sec was counted as 300 sec.

Tissue preparation
------------------

The animals were sacrificed immediately after determining the latency of the step-down avoidance test. Gerbils were anesthetized using Zoletil 50 (10 mg/kg, intraperitoneally; Vibac Laboratories), transcardially perfused with 50 mM phosphate-buffered saline (PBS), and fixed with a freshly prepared solution consisting of 4% paraformaldehyde in 100 mM phosphate buffer (PB, pH 7.4). Brains were dissected, and storage overnight same fixative, then it was transferred to 30% sucrose for cryoprotection. For the immunohistochemistry, the slices were coronal sectioned at 40 μm thick using a cryostat (Leica, Nussloch, Germany). The sections of 2.5 to 2.7 mm posterior from the bregma were used for immunohistochemistry. Ten slice sections in the hippocampus were collected from each gerbil.

TUNEL staining
--------------

To visualize DNA fragmentation, a marker of apoptotic cell death, TUNEL staining was performed, as the previously described method ([@b9-jer-12-2-69]; [@b14-jer-12-2-69]) using an in situ cell death detection kit (Roche, Mannheim, Germany). Brain tissues were denatured for 10 min in boiling 10 mM citric acid (pH 6.0) and then placed in room temperature for 10 min. Sections were postfixed in ethanol-acetic acid (2:1) and rinsed. Subsequently, they were incubated with proteinase K (100 μg/mL), rinsed, incubated in 3% H~2~O~2~, permeabilized with 0.5% Triton X-100, rinsed again, and incubated in TUNEL reaction mixture. The sections were then rinsed and visualized using Converter-POD with 0.03% 3,3′-diaminobenzidine (DAB). Mayer's hematoxylin (DAKO, Glostrup, Denmark) was used for counter-staining, and the sections were finally mounted onto gelatin-coated slides. The slides were air dried overnight at room temperature, and coverslips were mounted using Permount (Fisher Scientific, New Jersey, NJ, USA).

Immunohistochemistry for caspase-3
----------------------------------

Immunohistochemistry was conducted to evaluate the caspase-3 expression in the hippocampal dentate gyrus, according to the previously described methods ([@b9-jer-12-2-69]; [@b14-jer-12-2-69]). Free-floating tissue sections were incubated overnight with mouse anti-caspase-3 antibody (1:500; Santa Cruz Biotechnology, Santa Cruz, CA, USA) at a dilution of 1:1,000, and the sections were then incubated for 1 hr with biotinylated antimouse for caspase-3 secondary antibody (1:200; Vector Laboratories, Burlingame, CA, USA). Next, the sections were incubated with avidin-biotin-peroxidase complex (Vector Laboratories) for 1 hr at room temperature. For staining, the sections were incubated in a reaction mixture consisting of 0.03% DAB and 0.03% H~2~O~2~ for 5 min. The sections were finally mounted onto gelatin-coated slides. The slides were air dried overnight at room temperature, and coverslips were mounted using Permount (Fisher Scientific).

Immunohistochemistry for BrdU
-----------------------------

To detect of newly generated cells in the dentate gyrus, BrdU-specific immunohistochemistry was performed, according to the previously described method ([@b12-jer-12-2-69]; [@b14-jer-12-2-69]). The sections were first permeabilized by incubation in 0.5% Triton X-100 in PBS for 20 min, then pretreated in 50% formamide-2×standard saline citrate at 65°C for 2 hr, denaturated in 2 N HCl at 37°C for 30 min, and rinsed twice in 100 mM sodium borate (pH 8.5). Afterwards, the sections were incubated overnight at 4°C with BrdU-specific mouse monoclonal antibody (1:600; Roche). The sections were then washed three times with PBS and incubated for 1 hr with a biotinylated mouse secondary antibody (1:200; Vector Laboratories). Then, the sections were incubated for another 1 hr with avidin-peroxidase complex (1:100; Vector Laboratories). For visualization, the sections were incubated in 50 mM Tris-HCl (pH 7.6) containing 0.03% DAB, 40 mg/mL nickel chloride, and 0.03% H~2~O~2~ for 5 min. After BrdU-specific staining, determination of the differentiation of BrdU-positive cells was performed on same section using a mouse antineuronal nucleic (NeuN) antibody (1:1,000; Chemicon International, Temecula, CA, USA). The sections were washed three times with PBS, incubated for l hr with a biotinylated anti-mouse secondary antibody, and processed with VECTASTAIN ABC Kit (Vector Laboratories). For staining, the sections were incubated in a reaction mixture consisting of 0.03% DAB and 0.03% H~2~O~2~ for 5 min. The sections were finally mounted onto gelatin-coated slides. The slides were air dried overnight at room temperature, and coverslips were mounted using Permount (Fisher Scientific).

Western blotting
----------------

Western blot for the Bcl-2, Bax, BDNF, and TrkB was performed, according to the previously described method ([@b12-jer-12-2-69]; [@b11-jer-12-2-69]). The hippocampal tissues were dissected and collected, and then were immediately frozen at −70°C. The right hemisphere were homogenized on ice, and lysed in a lysis buffer containing 50 mM N-2-hydroxyethylpiperazine-N-2-ethanesulfonic acid (pH 7.5), 150 mM NaCl, 10% glycerol, 1% Triton X-100, 1 mM PMSF, 1 mM ethyleneglycol-bis-(b-aminoethylether)-N,N,N′,N′-tetraacetic acid (EGTA), 1.5 mM MgCl~2~ ·6H~2~O, 1 mM sodium orthovanadate, and 100 mM sodium fluoride. Protein content was measured using a Bio-Rad colorimetric protein assay kit (Hercules, CA, USA). Protein samples (30 μg) were separated on sodium dodecyl sulfate-polyacrylamide gel and transferred onto a nitrocellulose membrane. The membranes were incubated with 5% skim milk in Tris-buffered saline containing 0.1% Tween-20 and then incubated overnight at 4°C with the following primary antibodies: mouse anti-β-actin antibody, anti-Bcl-2, anti-Bax, and rabbit anti-BDNF, anti-TrkB (1:1,000; Santa Cruz Biotechnology). Subsequently, membranes were incubated for 1 hr with attempt secondary antibodies (1:2,000; Vector Laboratories), and ban detection was performed using the enhanced chemiluminescence detection kit (Santa Cruz Biotechnology). To compare the relative expression of proteins, the detected bands were calculated densitometrically using Molecular Analyst, ver. 1.4.1 (Bio-Rad).

Data analysis
-------------

For confirming the expressions of Bcl-2, Bax, BDNF, and TrkB the detected bands were calculated densitometrically using Image-Pro Plus image analysis system (Media Cyberbetics Inc., Silver Spring, MD, USA). The numbers of TUNEL-positive and caspase-3-positive cells in the CA1 region were counted hemilaterally through a light microscope (Olympus, Tokyo, Japan). The numbers of TUNEL-positive and caspase-3-positive cells were expressed as the number of cells per mm^2^ of the CA1 region. The number of BrdU-positive cells in the granular layer of the dentate gyrus was counted hemilaterally through a light microscope (Olympus). The number of BrdU-positive cells was expressed as the number of cells per mm^2^ of granular area in the dentate gyrus. Statistical analysis was performed using one-way analysis of variance followed by Duncan *post hoc* test, and the results are expressed as the mean±standard error of the mean. Significance was set as *P*\<0.05.

RESULTS
=======

Effect of Cordyceps on short-term memory in the step-down avoidance test
------------------------------------------------------------------------

The latencies of the step-down avoidance test are presented in [Fig. 1](#f1-jer-12-2-69){ref-type="fig"}. The latency time was 116.60±14.39 sec in the sham-operation group, 43.10±11.07 sec in the cerebral ischemia-induced group, 93.90±16.80 sec in the cerebral ischemia-induced and 0.001-mg/kg Cordyceps-treated group, 76.00±16.09 sec in the cerebral ischemia-induced and 0.01-mg/kg Cordyceps-treated group, and 52.20±10.32 sec in the cerebral ischemia-induced and 0.1-mg/kg Cordyceps-treated group.

These results showed that short-term memory was disturbed by induction of ischemic injury, and Cordyceps treatment alleviated cerebral ischemia-induced short-term memory impairment.

Effect of Cordyceps on TUNEL-positive cells in the hippocampal CA1 region
-------------------------------------------------------------------------

Photomicrographs of TUNEL-positive cells in the hippocampal CA1 region are presented in [Fig. 2](#f2-jer-12-2-69){ref-type="fig"}. The number of TUNEL-positive cells was 28.68±4.50/mm^2^ in the sham-operation group, 202.34±24.13/mm^2^ in the cerebral ischemia-induced group, 81.53±15.95/mm^2^ in the cerebral ischemia-induced and 0.001-mg/kg Cordyceps-treated group, 109.63±9.52/mm^2^ in the cerebral ischemia-induced and 0.01-mg/kg Cordyceps-treated group, and 143.54±23.10/mm^2^ in the cerebral ischemia-induced and 0.1-mg/kg Cordyceps-treated group.

These results showed that ischemic injury enhanced apoptotic cell death in the hippocampal CA1 region, and Cordyceps treatment suppressed cerebral ischemia-induced apoptosis.

Effect of Cordyceps on caspase-3 expression in the hippocampal CA1 region
-------------------------------------------------------------------------

Photomicrographs of caspase-3-positive cells in the hippocampal CA1 region are presented in [Fig. 3](#f3-jer-12-2-69){ref-type="fig"}. The number of caspase-3-positive cells was 34.71±3.41/mm^2^ in the sham-operation group, 143.19±12.41/mm^2^ in the cerebral ischemia-induced group, 66.80±8.34/mm^2^ in the cerebral ischemia-induced and 0.001-mg/kg Cordyceps-treated group, 99.12±6.28/mm^2^ in the cerebral ischemia-induced and 0.01-mg/kg Cordyceps-treated group, and 98.57±9.03/mm^2^ in the cerebral ischemia-induced and 0.1-mg/kg Cordyceps-treated group.

These results showed that ischemic injury enhanced caspase-3 expression in the hippocampal CA1 region, and Cordyceps treatment suppressed cerebral ischemia-induced caspase-3 expression.

Effect of Cordyceps on cell proliferation in the hippocampal dentate gyrus
--------------------------------------------------------------------------

Photomicrographs of BrdU-positive cells in the hippocampal dentate gyrus are presented in [Fig. 4](#f4-jer-12-2-69){ref-type="fig"}. The number of BrdU-positive cells was 45.85±10.71/mm^2^ in the sham-operation group, 212.08±21.62/mm^2^ in the cerebral ischemia-induced group, 88.54±9.51/mm^2^ in the cerebral ischemia-induced and 0.001-mg/kg Cordyceps-treated group, 105.62±7.47/mm^2^ in the cerebral ischemia-induced and 0.01-mg/kg Cordyceps-treated group, and 134.50±24.92/mm^2^ in the cerebral ischemia-induced and 0.1-mg/kg Cordyceps-treated group.

These results showed that ischemic injury enhanced cell proliferation in the hippocampal dentate gyrus region, and Cordyceps treatment suppressed cerebral ischemia-induced cell proliferation.

Effects of Cordyceps on Bax and Bcl-2 expressions in the hippocampus
--------------------------------------------------------------------

To verify the effects of Cordyceps on the expressions of apoptotic proteins, the relative expressions of Bax and Bcl-2 proteins were ascertained ([Fig. 5](#f5-jer-12-2-69){ref-type="fig"}). When the level of Bax (24 kDa) in the sham-operation group was set at 1.00, the level of Bax was 5.10±0.81 in the cerebral ischemia-induced group, 2.01±0.31 in the cerebral ischemia-induced and 0.001-mg/kg Cordyceps-treated group, 2.34±0.39 in the cerebral ischemia-induced and 0.01-mg/kg Cordyceps-treated group, and 3.90±0.60 in the cerebral ischemia-induced and 0.1-mg/kg Cordyceps-treated group.

When the level of Bcl-2 (26--29 kDa) in the sham-operation group was set at 1.00, the level of Bcl-2 was 0.51±0.06 in the cerebral ischemia-induced group, 1.07±0.07 in the cerebral ischemia-induced and 0.001-mg/kg Cordyceps-treated group, 1.19±0.08 in the cerebral ischemia-induced and 0.01-mg/kg Cordyceps-treated group, and 0.80±0.06 in the cerebral ischemia-induced and 0.1-mg/kg Cordyceps-treated group.

When the ratio in the sham-operation group was set as 1.00, the ratio of Bax to Bcl-2 was 9.81±1.55 in the cerebral ischemia-induced group, 1.91±0.30 in the cerebral ischemia-induced and 0.001-mg/kg Cordyceps-treated group, 2.00±0.33 in the cerebral ischemia-induced and 0.01-mg/kg Cordyceps-treated group, and 4.91±0.76 in the cerebral ischemia-induced and 0.1-mg/kg Cordyceps-treated group.

These results showed that induction of cerebral ischemia enhanced the ratio of Bax to Bcl-2, resulting in facilitation of apoptosis in the hippocampus. However, Cordyceps treatment suppressed the ratio of Bax to Bcl-2, resulting in alleviation of apoptosis in the hipocampus.

Effects of Cordyceps on BDNF and TrkB expressions in the hippocampus
--------------------------------------------------------------------

To verify the effects of Cordyceps on the expressions of BDNF and TrkB, the relative expressions of BDNF and TrkB were ascertained ([Fig. 6](#f6-jer-12-2-69){ref-type="fig"}). When the level of BDNF (15 kDa) in the sham-operation group was set at 1.00, the level of BDNF was 0.58±0.04 in the cerebral ischemia-induced group, 1.01±0.08 in the cerebral ischemia-induced and 0.001-mg/kg Cordyceps-treated group, 0.81±0.02 in the cerebral ischemia-induced and 0.01-mg/kg Cordyceps-treated group, and 0.61±0.02 in the cerebral ischemia-induced and 0.1-mg/kg Cordyceps-treated group.

When the level of TrkB (95--145 kDa) in the sham-operation group was set at 1.00, the level of TrkB was 0.28±0.07 in the cerebral ischemia-induced group, 0.85±0.02 in the cerebral ischemia-induced and 0.001-mg/kg Cordyceps-treated group, 0.67±0.05 in the cerebral ischemia-induced and 0.01-mg/kg Cordyceps-treated group, and 0.61±0.04 in the cerebral ischemia-induced and 0.1-mg/kg Cordyceps-treated group.

These results showed that ischemic insults suppressed BDNF and TrkB expressions in the hippocampus, and Cordyceps treatment enhanced BDNF and TrkB expressions in the cerebral ischemia gerbils.

DISCUSSION
==========

Cerebral ischemia deprives oxygen and glucose in the brain, causing tissue infarction and neuronal cell death ([@b1-jer-12-2-69]; [@b14-jer-12-2-69]). Apoptosis is the major pathway of cell death after cerebral ischemia injury ([@b21-jer-12-2-69]). The morphological characteristics of apoptosis include cell shrinkage, chromatin condensation, membrane blebbing, internucleosomal DNA fragmentation, and the formation of apoptotic bodies ([@b19-jer-12-2-69]). Moreover, caspase-3 is up-regulated and activated in the early stage of apoptosis following ischemia ([@b1-jer-12-2-69]; [@b23-jer-12-2-69]). The numbers of TUNEL-positive cells and caspase-3-positive cells in the hippocampus were increased in the multiple sclerosis rats, suggesting enhancement of apoptosis ([@b9-jer-12-2-69]). In the present study, the numbers of TUNEL -positive and caspase-3-positive cells in the hippocampal CA1 region were increased following cerebral ischemic insult. This indicates that cerebral ischemia induced apoptotic neuronal cell death in the hippocampal CA1 region.

The Bcl-2 family of proteins, which includes Bcl-2 and Bcl-XL, plays an important role in the regulation of apoptosis in the nervous system ([@b28-jer-12-2-69]). Bcl-2 inhibits apoptosis by preventing the release of cytochrome c from mitochondria. However, Bcl-2 and Bcl-XL form heterodimers with the main pro-apoptotic member, Bax, and in so doing, they incapacitate Bax activity ([@b15-jer-12-2-69]). That is, the Bax to Bcl-2 balance is the crucial factor for the determination of apoptosis. [@b2-jer-12-2-69] reported that hypoxic ischemic injury in the brain increased Bax level while Bcl-2 level was decreased beginning 6 hr after the insult. In the present study, cerebral ischemic injury increased Bax expression, whereas decreased Bcl-2 expression. Therefore, the ratio of Bax to Bcl-2 was increased, indicating that cerebral ischemic injury initiated apoptotic neuronal cell death in the hippocampus.

Increased cell proliferation in the hippocampal dentate gyrus and cerebral cortex after ischemia has been previously documented ([@b20-jer-12-2-69]; [@b23-jer-12-2-69]). [@b14-jer-12-2-69] reported that cell proliferation in the dentate gyrus of gerbils was increased by induction of global ischemia. In the present study, the number of BrdU-positive cells in the hippocampal dentate gyrus was increased following cerebral ischemia. Enhanced cell proliferation in the dentate gyrus is known as a compensatory adaptive response to excessive apoptosis ([@b20-jer-12-2-69]; [@b23-jer-12-2-69]).

BDNF has been shown to play a role in both protection and recovery of functions after stroke. Especially, BDNF is important intercellular signal mediating neurogenesis, synaptic plasticity, and cell survival ([@b12-jer-12-2-69]; [@b16-jer-12-2-69]). Decreased BDNF expression in the hippocampus caused memory impairment in elderly ([@b12-jer-12-2-69]). Suppression of BDNF and TrkB expression in the hippocampus was closely associated with short-term memory impairment ([@b11-jer-12-2-69]). Expression of BDNF was beneficial for the survival of neurons through antiapoptotic effect in the ischemic/reperfusion model ([@b5-jer-12-2-69]). In the present study, BDNF and TrkB expressions in the hippocampus were decreased following cerebral ischemic injury.

Cordyceps is known to exert therapeutic effects by inducing apoptosis ([@b27-jer-12-2-69]). Cordyceps induced apoptosis in human colorectal cancer cell lines by enhancing the protein expression levels of JNK, p38 kinase, and Bcl-2 pro-apoptotic molecules ([@b7-jer-12-2-69]). Cordyceps-mediated apoptosis in the breast cancer cell line increased mitochondrial translocation of Bax and the released cytochrome c ([@b3-jer-12-2-69]).

In the present study, Cordyceps showed therapeutic effects through inhibiting apoptosis. Decrement in the ratio of Bax to Bcl-2 in the hippocampus represents inhibition of hippocampal neuronal apoptosis ([@b12-jer-12-2-69]). Our study showed that Cordyceps suppressed the cerebral ischemia-induced increment in DNA fragmentation and caspase-3 expression in the hippocampal CA1 region. Furthermore, Cordyceps treatment suppressed Bax expression and enhanced Bcl-2 expression in the hippocampus, resulting in a decrement of Bax to Bcl-2 ratio. Cordyceps also suppressed cerebral ischemia-induced cell proliferation in the dentate gyrus due to the reduced apoptotic neuronal cell death. These results showed that Cordyceps inhibited cerebral ischemia-induced apoptosis in the hippocampus.

Cordyceps enhanced neurotrophic factors, such as BDNF and nerve growth factor (NGF) in the chronic stress-exposed animal models ([@b26-jer-12-2-69]). In the present study, Cordyceps treatment also enhanced BDNF and TrkB expressions in the hippocampus. These results showed that Cordyceps possesses memory enhancing effect.

In this study, we evaluated the effect of Cordyceps on cerebral ischemia-induced short-term memory impairment using a step-down avoidance task. We found that latency was shortened by induction of transient global ischemia, in contrast, latency was improved by Cordyceps treatment. The enhancing effect of Cordyceps on short-term memory can be ascribed to the inhibition on apoptotic neuronal cell death and increasing on BDNF and TrkB expressions. These effects of Cordyceps appeared most potently at lowest dosage used in this study. Here in this study, we suggest the possibility that the Cordyceps overcomes cerebral ischemia-induced neuronal apoptosis, thus facilitates recovery following cerebral ischemic injury.
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![Effect of Cordyceps on latency in the step-down avoidance test. (A) Sham-operation group, (B) cerebral ischemia-induced group, (C) cerebral ischemia-induced and 0.001-mg/kg Cordyceps-treated group, (D) cerebral ischemia-induced and 0.01-mg/kg Cordyceps-treated group, (E) cerebral ischemia-induced and 0.1-mg/kg Cordyceps-treated group. \**P*\<0.05 compared to the sham-operation group. ^\#^*P*\<0.05 compared to the cerebral ischemia-induced group.](jer-12-2-69f1){#f1-jer-12-2-69}

![Effect of Cordyceps on DNA fragmentation in the hippocampal CA1 region. Upper: Photomicrographs of terminal deoxynucleotidyl transferase-mediated dUTP nick end labeling (TUNEL)-positive cells in the hippocampal CA1 region. (WB) Whole brain, (A) sham-operation group, (B) cerebral ischemia-induced group, (C) cerebral ischemia-induced and 0.001-mg/kg Cordyceps-treated group, (D) cerebral ischemia-induced and 0.01-mg/kg Cordyceps-treated group, (E) cerebral ischemia-induced and 0.1-mg/kg Cordyceps-treated group. The scale bars represent 25 μm (WB) and 150 μm (A--E). Lower: Number of TUNEL-positive cells in each group. \**P*\<0.05 compared to the sham-operation group. ^\#^*P*\<0.05 compared to the cerebral ischemia-induced group.](jer-12-2-69f2){#f2-jer-12-2-69}

![Effect of Cordyceps on caspase-3 expressions in the hippocampal CA1 region. Upper: Photomicrographs of caspase-3-positive cells in the hippocampal CA1 region. (WB) Whole brain, (A) sham-operation group, (B) cerebral ischemia-induced group, (C) cerebral ischemia-induced and 0.001-mg/kg Cordyceps-treated group, (D) cerebral ischemia-induced and 0.01-mg/kg Cordyceps-treated group, (E) cerebral ischemia-induced and 0.1-mg/kg Cordyceps-treated group. The scale bars represent 25 μm (WB) and 150 μm (A--E). Lower: Number of caspase-3-positive cells in each group. \**P*\<0.05 compared to the sham-operation group. ^\#^*P*\<0.05 compared to the cerebral ischemia-induced group.](jer-12-2-69f3){#f3-jer-12-2-69}

![Effect of Cordyceps on cell proliferation in the hippocampal dentate gyrus. Upper: Photomicrographs of 5-bromo-2′-deoxyuridine (BrdU)-positive cells in the hippocampal dentate gyrus. (WB) Whole brain, (A) sham-operation group, (B) cerebral ischemia-induced group, (C) cerebral ischemia-induced and 0.001-mg/kg Cordyceps-treated group, (D) cerebral ischemia-induced and 0.01-mg/kg Cordyceps-treated group, (E) cerebral ischemia-induced and 0.1-mg/kg Cordyceps-treated group. The scale bars represent 25 μm (WB) and 150 μm (A--E). Lower: Number of BrdU-positive cells in each group. \**P*\<0.05 compared to the sham-operation group. ^\#^*P*\<0.05 compared to the cerebral ischemia-induced group.](jer-12-2-69f4){#f4-jer-12-2-69}

![Effects of Cordyceps on Bax and Bcl-2 expressions in the hippocampus. Actin was used as an internal control (46 kDa). Upper: The results of band detection using the enhanced chemiluminescence detection kit. (A) Sham-operation group, (B) cerebral ischemia-induced group, (C) cerebral ischemia-induced and 0.001-mg/kg Cordyceps-treated group, (D) cerebral ischemia-induced and 0.01-mg/kg Cordyceps-treated group, (E) cerebral ischemia-induced and 0.1-mg/kg Cordyceps-treated group. Lower: The relative expressions of Bax and Bcl-2 proteins in each group. \**P*\<0.05 compared to the sham-operation group. ^\#^*P*\<0.05 compared to the cerebral ischemia-induced group.](jer-12-2-69f5){#f5-jer-12-2-69}

![Effects of Cordyceps on brain-derived neurotrophic factor (BDNF) and tyrosin kinase B (TrkB) expressions in the hippocampus. Actin was used as an internal control (46 kDa). Upper: The results of band detection using the enhanced chemiluminescence detection kit. (A) Sham-operation group, (B) cerebral ischemia-induced group, (C) cerebral ischemia-induced and 0.001-mg/kg Cordyceps-treated group, (D) cerebral ischemia-induced and 0.01-mg/kg Cordyceps-treated group, (E) cerebral ischemia-induced and 0.1-mg/kg Cordyceps-treated group. Lower: The relative expressions of BDNF and TrkB proteins in each group. \**P*\<0.05 compared to the sham-operation group. ^\#^*P*\<0.05 compared to the cerebral ischemia-induced group.](jer-12-2-69f6){#f6-jer-12-2-69}
